ALTHOUGH the bactericidal effects of gastric juice are well established (Garrod, 1937) , little is known of the role of components other than hydrochloric acid. The experiments reported here were designed to supply some of the required information. Shigella sonnei was selected as a test organism, since penetration of an infective dose beyond the "acid barrier" of the stomach is a clear requirement for pathogenesis in bacillary dysentery, and Garrod found that Shigella spp. were the least susceptible to the lethal effects of stomach acid among a range of organisms that infect by the oral route. The action of two samples of natural gastric juice, at pH 1.4 and pH 2.7, and of an artificial gastric juice upon the organism were compared, and the relative bactericidal activity of each of the various components of the artificial gastric juice was assessed.
dilution. Control preparations containing saline in place of gastric juice were held in flasks and sampled as above.
Neutralisation of samples. Samples were neutralised by transferring them t o a buffer consisting of 0 . 1~ disodium hydrogen phosphate and 0 . 1~ sodium dihydrogen phosphate. The final pH after the addition of a 0.5-ml sample of gastric juice to 4.5 ml buffer was DH 7.1. (iv) Lysozyrne solution, 0.5 ml per 100 ml Chick egg-white lysozyme chloride (BDH) 1-52 g per 1 (v) Pepsin solution, 0.5 ml per 100 ml Crystallised pepsin (Armour Pharmaceutical Company) 10.0 g per 1 1 ml of sterile distilled water was added to give 100 ml total volume; final pH was adjusted to 1-4.
Pepsin, peptone and starch. The pepsin used was crystalline pepsin (Armour Pharmaceutical Company). The peptone was Oxoid Bacteriological Peptone and the starch, was Lintner's starch (British Drug Houses).
RESULTS

Bactericidal properties of artiJicia1 and natural gastric juice
Results o f tests with (i) artificial gastric juice, pH 1.4, (ii) natural gastric juice, pH 1.4 and (iii) natural gastric juice, pH 2.7, showed that all three were summarised in fig. 1 . It can be seen that the killing patterns of the artificial (PH 1.4) and the natural (PH 1.4) samples are similar but that the two natural gastric juices (PH 1.4 and pH 2.7) behave quite differently. The reasons for the observed differences in killing patterns between the two natural gastric juices are elaborated in the Discussion (q.v.), but it should be noted at this point sugars that, as a result of dissociation, the pH of the natural (pH 1.4) and artificial (PH 1 '4) gastric juices changed to pH 2.8 on being diluted 1 in 32, whereas that of the other natural gastric juice (pH 2.7) changed to pH 4.1. Accordingly, a dilution of 1 in 32 was selected for all further experiments as the bactericidal activity of each of the samples then seemed to be comparable under the test conditions. Fig. 2 shows plots of the time course of killing with each of the three samples at this dilution. It can be seen that the artificial and normal gastric juices behave in a similar manner when they are at the same pH but that the less acid sample is much less bactericidal. The death rate appears to be exponential up to 20 minutes' exposure.
Eflect of p H on the bactericidal activity of gastric juice
To determine the effect ofpH, tests were made in a series of diluted artificial gastric juices in which only the hydrochloric acid content varied. The inoculum was exposed for a fixed 10-min. period at pH values in the range 1.5 to 7.0. From pH 3.0 to pH 7.0 there is little difference, but below pH 3.0 there is a marked increase in the lethal effect ( fig. 3 ).
The effect of other components in gastric juice at p H 2.8 Various samples of diluted artificial gastric juice were prepared, each lacking one of the major components. The bactericidal effect of each was determined by constructing death curves ( fig. 4) . Pepsin, lysozyme and the amino-acid mixture appear to exert separate bactericidal effects, since the omission of any or all of these reduces the death rate. The sugars present in this artificial system appear to have a protective influence.
The eflect of pepsin concentration
The above results indicated that pepsin was second in importance to hydrochloric acid in conferring bactericidal activity upon the artificial gastric juice. The concentration of pepsin used was initially determined by estimating the amount of pepsin in the natural gastric juice of subject A and then adding this amount to the artificial gastric juice. In the gastric juice from subject A, the concentration of pepsin was in the range 11 5-200 units per ml, and that of subject B contained 40 units per ml); and a 0.01 per cent. solution of the crystalline pepsin that we used contained 25 units per i d .
Samples of artificial gastric juice were prepared in which the pepsin concentration varied and their bactericidal properties were compared. The results ( fig. 5 ) suggest that bactericidal activity is not directly proportional to the pepsin concentration over the limited range tested.
The effect of added nutrients upon the bactericidal activity of art@cial gastric juice Samples of diluted artificial gastric juice containing various amounts of peptone were tested for bactericidal activity during single exposures of 10 min. ml of gastric juice, no killing effect was detectable unless undiluted gastric juice was used (table 11) 100 DISCUSSION An important factor to be considered in the interpretation of these results is the dilution effect. A dilution of 1 in 32 proved to be operationally convenient, but the pH 1-4 and pH 2.7 samples were affected in different ways. On dilution, the pH of the gastric juice changes as a result of dissociation of HCl. The difference in bactericidal activity on diluting the two samples could be partially explained on the basis of the requirement for HCl in the conversion of pepsinogen to pepsin (Bell, Davison and Scarborough, 1968) . The peptic activity of the pH 2-7 samples used in our experiment was a fifth of that of the pH 1.4 sample. Thus this generally " weaker '' character of the pH 2.7 secretion is consistent with the observed effects of dilution on bactericidal activity.
The interpretation of the results obtained with modified semi-synthetic gastric juices depends upon the reliability and reproducibility of the death curves. All show a deviation from exponential kinetics. Microscopical evidence suggests that this is due to a pH-dependent con-agglutination of the bacteria that exerts a protective effect, rather than to the survival of a more insensitive fraction. The effect was particularly pronounced in pilot experiments performed without mechanical agitation. The results presented are otherwise reproducible.
The difference in activity of the pH 1-4 and pH 2.7 natural gastric juices and of artificial gastric juice at different pH values points to the major role of the acid component. When only acid and electrolytes were present, the lethal effect was not much less that that of the complete artificial system or of natural gastric juice. Of all the " non-acid " components in the diluted artificial system at pH 2.8, pepsin had the greatest antibacterial influence. Lysozyme exerted an effect also, but only slightly enhanced the activity of pepsin when the two were present together. However, the lysozyme used was egg-white lysozyme which has an optimum ofpH 6.0. Gastric lysozyme may well be more effective, and it is likely that lysozyme would play a greater part in the destruction of Gram-positive bacteria in the stomach. Of the non-enzymic components, the sugars and organic acids appeared to exert a protective effect and the aminoacid mixture to be slightly bactericidal.
The relevance of investigations of this nature may be open to debate. The use of diluted gastric juice is obviously justified since dilution and buffering effects operate during the passage of food and water through the stomach, so that the pH of its contents then differs from that of fasting gastric secretion. Moreover, the secretion itself changes in composition after initial stimulation. With prolonged stimulation, the pH of the stomach contents may rise to a value as high as pH 5 or 6 as a result of dilution (Drasar, Shiner and McLeod, 1969) and this would permit survival of our test strain of Shigella sonnei. Clearly the condition of the stomach contents at the time of ingestion of shigellae, and probably of other organisms, is a crucial factor in determining the degree of their survival. The effects of starch and peptone in our in-vitro system suggest that food in the stomach would exert a major protective influence. That the stomach contents are not as harsh an environment for bacteria as is generally supposed is evidenced by the study of Drasar et al., who examined the bacterial flora of fasting gastric secretions from normal and achlorhydric subjects. These workers found that the size and variety of the bacterial population increased with the pH of the secretions. The importance ofpH has also been established in studies with oral vaccines against dysentery and typhoid fever (Dupont et al., 1971) in which high oral doses were coupled with pretreatment with oral sodium bicarbonate, and in establishing cholera in human volunteers (Music et al., 1971) . In the latter investigation it was found that diarrhoea was induced by an oral dose of 104 Vibrio cholerae organisms with bicarbonate, but a dose of 108 organisms was required if bicarbonate was not given. Moreover, the duration of the buffering effect could be correlated with susceptibility to disease.
When thepH of the stomach contents is high, factors other than stomach acid may play a greater role. Hauschild, Hilsheimer and Thatcher (1967) studied the antibacterial effect on Clostridium perfringens of an artificial gastric juice consisting of electrolytes and HCl. They showed that not only proteins in general but also pepsin had a protective effect. This contrasts with our findings, and may reflect differences in cell wall composition between the test organisms. It would be unwise to extrapolate our findings to other organisms in the absence of appropriate data. The artificial gastric juice we used seemed to be an adequate substitute for natural gastric juice in comparative studies with Shigella sonnei, but experiments with other test organisms, preferably freshly isolated strains, should now be performed.
Other factors that we have not considered, but which could be tested in the artificial system, might influence the survival of bacteria in gastric secretions. For example, the specific effects of antibodies, particularly IgA which is present in gastric secretions, and the role of gastric phagocytes, might be examined.
SUMMARY
Artificial gastric juice was prepared and shown to be comparable with natural gastric juice in its bactericidal activity against a stock strain of Shigella sonnei. The acid component of natural gastric juice was the major bactericidal component, but pepsin increased the bactericidal effect significantly. Other components such as lysozyme and amino acids contributed to the lethal properties of the artificial system, whereas sugars and organic acids collectively exerted a protective influence. Peptone or starch added to the gastric juice reduced its bactericidal activity. The artificial gastric juice was most effective in killing Shigella sonnei in tests at pH l+pH 3.0; at values above pH 3 the organism was able to survive in this system.
